Introduction
Seasonally anoestrous ewes can be induced to show a fertile oestrus by a period of treatment with progesterone or a synthetic progestagen followed by an injection of PMSG (Gordon, 1971; Boland & Gordon, 1973) . Saba, Cunningham, Symons & Millar (1975) reported that treatment of ewes with progesterone during July-August induced ovulation, but there was a low incidence of overt oestrus, and Boland & Gordon (1973) concluded that, in the absence of PMSG, progestagen treatments resulted in only a limited ovulatory response with a high proportion of ewes having 'silent' heats. It has also been reported that fertility is improved by the Experimental animals and treatments Experiment 1. Fifty (50) Cheviot Border Leicester ewes aged 18 months, which would normally be expected to begin cycles in October, were housed in 4 indoor pens at the beginning of July. The ewes were divided into 3 groups treated as shown in Table 1 . The implants were inserted subcutaneously on 11 July using the technique described earlier (Symons, Cunningham, Saba & Millar, 1974) and after 11 days were removed from half of the ewes at 09:00 h (subgroups A) and from the remainder at 21:00 h (subgroups B). At the time of implant insertion, ewes in Groups 1 and 3 received an intramuscular injection of a fine suspension of 500 µg oestradiol-17ß in 2 ml 0-9% (w/v) NaCl. Group-2 ewes were injected with 2 ml 0-9% (w/v) NaCl. 
Radioimmunoassay of hormones
Plasma FSH and LH were determined by the polystyrene tube radioimmunoassays previously described (Cunningham & Hebert, 1973; . Sensitivities of the assays were 0-4 ng NIH-FSH-S4/tube and 2-5 ng NIH-LH-S 17/tube, and inter-and intra-assay coefficients of variation were respectively 15 and 5% for FSH and 12 and 8% for LH. Plasma progesterone was estimated in Exp. 1 by a modification (Symons, 1973) of the dextran-coated charcoal radioimmunoassay for oestrogens described by Challis, Heap & Illingworth (1971) and in Exp. 2 by a charcoal-gelatin disc radioimmunoassay (Saba, 1976) . Antiserum S49-6 (obtained from Dr G. E. Abraham) was used for both experiments; this was raised in sheep against 1 l-desoxycortisol-21-hemisuccinate-HSA and its specificity has been described (Abraham, Swerdloff, Tulchinsky & Odell, 1971 Table 2 . Data for Groups 2 and 3 (Exp. 1) have been pooled, since there was no significant difference in mean plasma progesterone concentration between these 2 groups at any of the times studied. In both experiments insertion of progesterone implants was followed by a significant rise in plasma progesterone concentration at 24 h ( < 0-001), and there was a significant fall in the level 12 h after implant removal (P < 0-001). By contrast, ewes treated with a blank implant showed little change in mean plasma progesterone level after insertion or removal of the implants. At the end of the period of implantation, mean (±s.e.m.) loss of weight of the implants was 86-4 + 1-6 mg for those containing 20% progesterone (n = 32) and 87-2 ± 2-0 mg for those containing 13% progesterone (n = 38), whereas mean loss of weight of blank implants in the 2 experiments was 2-3 ± 1-0 mg (Exp. treated with a blank implant (5-6 ± 0-6 ng/ml) was not significantly different from that in ewes of Groups 2 (6-4 ±0-7 ng/ml, = 7) and 3 (4-9 ± 0-3 ng/ml, = 25) treated with a progesterone implant. However, mean plasma FSH level was significantly higher (P < 0-01) in Group-3 ewes (53-8 ± 3-6 ng/ml) treated with oestradiol and progesterone than in ewes of Groups 1 (33-8 ± 4-1 ng/ml) and 2 (31-4 ± 5-3 ng/ml).
Data on plasma gonadotrophin surges following implant removal are summarized in Table  3 . Nine ewes treated with a 20% progesterone implant (Groups 2 and 3) showed a gonadotrophin Gonadotrophins. Mean (±s.e.m.) plasma gonadotrophin levels at the time of implant removal in 38 ewes treated with a progesterone implant (2-5 ± 0-5 ng LH/ml; 18-2 ± 1-3 ng FSH/ml) were similar to those in 16 ewes receiving a blank implant (2-4 ± 0-6 ng LH/ml; 21-9 ± 1-5 ng FSH/ml).
Data on plasma gonadotrophin surges following implant removal are summarized in Table  3 . The values of the gonadotrophin surges exhibited by ewes in Groups 5 and 7 during the first 48 h following implant removal reached 28-175 ng LH/ml and 92-305 ng FSH/ml. The remain¬ ing Group-7 ewe showed small elevations of plasma LH (10 ng/ml) and FSH (42 ng/ml) at 39 h.
The gonadotrophin surge occurred significantly earlier (P < 0-001) in the ewes of Group 5 than in those of Group 7, but mean peak heights were similar for the two groups (Table 3 ). In ewes not treated with PMSG (Groups 4 and 6), plasma gonadotrophins remained at basal levels throughout this period.
One Group-5 ewe showed a second plasma gonadotrophin surge at about 80 h following implant removal. A late surge in plasma gonadotrophins, occurring at 75-95 h, was also observed in 3 Group-4 ewes and in 2 Group-6 ewes. Peak gonadotrophin levels during these later surges ranged from 20 to 75 ng LH/ml and 50 to 123 ng FSH/ml.
Progesterone. Plasma progesterone levels remained below 1 ng/ml during the 21 days following implant removal in all of the ewes which had not exhibited a gonadotrophin surge, whereas elevated levels were observed in all of the Group-7 ewes, 7 of the 10 Group-5 ewes and the 5 ewes in Groups 4 and 6 which had shown a gonadotrophin surge. Mean (±s.e.m.) plasma progesterone level for those ewes in Groups 4, 5 and 7 exhibiting elevated levels are shown in Text- fig. 1 . Of the 2 Group-6 ewes having a gonadotrophin surge, one showed a slow rise in plasma progesterone concentration to 0-7 ng/ml on Days 9 and 11, followed by a fall and a subsequent rise to 1-25 ng/ml on Day 18. The other showed a more rapid rise to 1-95 ng/ml at 8j days and 2-75 ng/ml at 11 days-a pattern intermediate between that of Groups 5 and 7.
The plasma progesterone profile for Group-5 ewes (blank implant + PMSG) was similar to that found in Exp. 1, whereas mean plasma progesterone concentration in Group-7 ewes (progesterone implant + PMSG) rose more rapidly and reached a higher level than that observed in ewes of other groups. The 3 control ewes (Group 4) which exhibited gonadotrophin surges showed a delayed slow rise in plasma progesterone concentration, a pattern quite different from that shown by the treated groups of ewes (see Text-fig. 1 ).
Reproductive behaviour
No ewes were served by the rams during the period that the implants were in position, or during the period 5-28 days after implant removal.
Data on oestrous behaviour and conception during the first 4 days following implant removal are given in Table 3 . The 2 Group-6 ewes which showed a plasma gonadotrophin surge were served at about the time of peak gonadotrophin levels, and one conceived. None of the ewes in Groups 4 and 5 showed oestrous behaviour despite the fact that 13 had exhibited a gonadotrophin surge and 10 showed a subsequent increase in plasma progesterone con¬ centration.
Although the time of day at which the implant was removed did not affect the timing of hormonal responses, it appeared to influence the time of occurrence of oestrous behaviour in Group-7 ewes. The mean (±s.e.m.) interval from gonadotrophin peak to mating was shorter for Group-7B ewes (3-3 ± 2-3 h, = 9) than for Group-7A ewes (14-2 ± 4-6 h, (Lindsay, 1976) . However, Bellinger & Mendel (1974) found that the introduction of rams to anoestrous Suffolk and Hampshire ewes during the months of April to June provoked a degree of ovarian activity associated, in some cases, with behavioural oestrus and, occasionally, a fertile mating.
The results for the treated groups of ewes extend previous observations on hormonal changes and the induction of oestrus in anoestrous ewes treated with progesterone implants. Progesterone treatment alone appears to be more effective in provoking gonadotrophin surges in anoestrous ewes as the natural breeding season is approached. Thus the percentage of ewes showing such surges was 11% in early June (Group 6), 28% in mid-July (Groups 2 and 3) and 90% in July-August . This progressive change in the effectiveness of progesterone is consistent with the known seasonal variation in the response of anoestrous ewes to progesterone treatment (Robinson, 1971) . It may reflect an increase in the sensitivity of the hypothalamopituitary system to endogenous oestrogen with the approach of the breeding season, since Land, Wheeler & Carr (1976) (Renfro & Dutt, 1970; Gordon, 1975) , the results of the present experiments suggest that progesterone treatment during July is more effective in initiating cyclic activity than is treatment during June, which would be consistent with a reduction in the refractoriness of the hypothalamo-pituitary system during late anoestrus. However, it cannot be ruled out that the responses of the ewes treated in July might, to some extent, have been a consequence of the higher plasma progesterone levels achieved in Exp. 1.
An important difference between the present results and those reported earlier ) is that ewes which showed gonadotrophin surges following progesterone treatment during June and July also exhibited oestrous behaviour, whereas the majority of ewes treated during the later stages of anoestrus (July-August) had 'silent' ovulations. Robinson (1959) has emphasized the importance of progesterone before oestrogen in inducing cyclic activity in spayed ewes, and the low incidence of oestrous behaviour reported by Saba et al. (1975) Boland & Gordon (1973) found that the administration of 500 i.u. PMSG to anoestrous ewes following progestagen treatment increased the number of multiple ovulations, and the higher lambing rate shown by Group 7 (1-9 lambs/ewe lambing) compared with Groups 2 and 3(1-2 lambs/ewe lambing) would be consistent with such an explanation. Nevertheless, treatment with PMSG alone (Group 5) did not result in an early rise in plasma progesterone level.
It has been suggested that the interval between the gonadotrophin surge and the occurrence of oestrous behaviour may have some bearing on fertility at an induced oestrus (Echternkamp & Lunstra, 1978) , and in an earlier paper (Cunningham, Saba & Millar, 1977) 
